Most isolates of Mycobacterium fortuitum decomposed salicylate and stained black the Sauton agar medium containing salicylate (0.5 or 1 mg./ml.); and all isolates capable of decomposing salicylate were identified as M . fortuitum. Other species, including rapidly growing mycobacteria, did not decompose salicylate. Most but not all of the salicylatedecomposing isolates showed also PAS degradation and a positive 3-day arylsulphatase test. The salicylate-decomposing isolates utilized nitrite as sole nitrogen source and about one-half of them grew on a nitrite medium within 7 days. These reactions, salicylate degradation, PAS degradation, utilization of nitrite, and %day arylsulphatase activity, are shown to be useful for identifying M . fortuitum. The %day arylsulphatase test showed some exceptional cases; therefore, a positive reaction in this test was not sufficient to identify M . fortuitum. Positive reactions in the above four tests seemed to mean that an isolate is certainly M . fortuiturn.
INTRODUCTION
Lehmann (1947, 1961) stated that salicylate exhibited some bacteriostatic action against tubercle bacilli in Sauton medium. The present author (Tsukamura, 1962) examined the susceptibility to sodium salicylate of various mycobacterial strains in an egg medium and found that Mycobacterium tuberculosis and M . bovis were specifically susceptible to this compound. Further examinations were made of rapidly growing mycobacteria on Sauton agar, with the expectation that the susceptibility might increase in this defined medium. During this study, it was found that some mycobacteria made black a Sauton agar containing high concentrations of salicylate. It was also found that most isolates which decomposed salicylate in this way showed a positive %day arylsulphatase test (Wayne, 1961; Kubica & Rigdon, 1961) and utilized nitrite as sole nitrogen source (Tsukamura & Tsukamura, 1965) . It was noticed that these reactions (salicylate degradation, 3-day arylsulphatase activity, nitrite as sole nitrogen source) usually appeared together in an isolate. The salicylate-decomposing mycobacteria consisted of M . fortuitum and of several strains of rapidly growing unclassified mycobacteria. An attempt was made to classify these unclassified mycobacteria according to the methods described by Gordon & Smith (1955) , Bergey's Manual (1957) , and Gordon The results showed that these mycobacteria belonged to M . fortuitum. Thus, the salicylate degradation may be specific for M . fortuitum. purified agar (Wako Pure Chemical Co., Osaka, Japan), 30 g.; distilled water, 950 ml. This was adjusted to pH7.0 and sodium salicylate was added to the medium, before sterilization, to final concentrations 0, 0.5 or 1 mg./ml. The medium was poured in 8 ml. quantities into tubes (170 x 17 mm.) and sterilized by autoclaving at 115' for 30 min., sloped and cooled. The medium was then surface inoculated with one loopful of the stock cultures and incubated a t 87'. Growth and change in colour were observed after 1 and 2 weeks of incubation.
METHODS

Isolates
Nitrite utilization as sole nitrogen source. This was tested on the slopes of the following medium: NaNo,, 1-38 g. (0.02~); =,PO4, 0.5 g.; MgS04.7H20, 0.5 g. ; sodium citrate, 2.0 g. ; glycerol, 50 ml. ; purified agar, 30 g. ; distilled water, 950 ml.; adjusted t o pH 7-0 by addition of 10% (wlv) KOH. Sodium nitrite was sterilized by Seitz-filtration and added to the medium aseptically. The slopes were surface inoculated with one loopful of the test strain. Growth was observed every week until the end of the third week and recorded by comparison with the growth on control medium without added nitrogen source.
Three-day arykulphatase test. This was done according to the method of Wayne p-Amilzosalicylate (PAS) degradation. Degradation of sodium p-aminosalicylate (PAS) was tested according to the method described by Tsukamura (1961 a, b). It was observed as a blackening of Ogawa egg medium containing PAS 1 mg./ml. Observation was made after 1 week of incubation at 3 7 ' .
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Amidase tests. These tests were done according to Boenicke (1962) . Time of incubation was 15 hr. at 37".
Utilization of organic acids as sole carbon sources. This was tested on the following medium: (NH4),S04, 2.64 g. ; =,PO4, 0-5 g. ; MgSO,. 7H,O, 0.5 g. ; purified agar, 30 g.; distilled water, 1000 ml.; adjusted to pH 7-0. Solutions of sodium salts, acetate, citrate, succinate, malate, pyruvate and benzoate, were sterilized separately by heating a t 100' for 5 min. and added to the above medium aseptically to give final concentrations of 0 . 0 1~. Growth was observed in comparison with control medium without added carbon source after 1 and 2 weeks of incubation a t 37".
Acid formation f r o m carbohydrates. This was observed in the following medium:
NH,Cl, 2.0 g. ; KH,PO,, 0.5 g . ; MgSO, .7H,O, 0.5 g . ; 0.2 % (w/v) bromthymol blue solution in 0.02 M-NaOH, 20 ml. ; purified agar, 30 g. ; distilled water, 1000 ml. ; adjusted to pH 7.0. This medium was sterilized by autoclaving a t 115O for 30 min. The carbohydrate solutions were sterilized separately by heating at 100" for 5 min. and added to medium aseptically to a final concentration of 0.5 yo (w/v). The slopes of this medium were inoculated with one loopful of organisms, and acid formation examined after 1 and 2 weeks of incubation at 37'. The following carbohydrates were used : glucose, mannose, galactose, arabinose, xylose, rhamnose, trehalose, lactose, raffinose, inositol, mannitol, sorbitol.
Nitrate reduction. The bacteria to final concentration of 10 mg. wet weight bacteria/ml. were suspended in 5 ml. 0.067~-phosphate buffer (pH 7.1) containing 0.1 % (w/v) NaNO,. The suspension was incubated at 37" for 16 hr. and tested for nitrite. Nitrite was examined by addition of two drops of 2 % (w/v) p-dimethylaminobenzaldehyde in 10 % (v/v) HCl + 1 ml. 10 % (v/v) HCI. Control tubes contained heat-killed bacteria.
SaZt tolerance. This was examined in glycerol broth containing 5 % (w/v) NaC1.
Growth was observed after incubation for 2 weeks at 37' .
Temperature response. Growth was observed on Ogawa egg medium and
Lowenstein-Jensen medium after 1 and 2 weeks of incubation at 28", 37' , 45", 52".
RESULTS
The results of the salicylate degradation, PAS degradation, nitrite utilization and &day arylsulphatase test with various mycobacterial isolates are shown in Table 1 .
Among the already classified mycobacteria, only Mycobacterium fortuitum showed a positive reaction in two or more of these tests. Nitrite was used as nitrogen source by M . fortuitum and gave growth within 1 week, Nitrite was also used as sole nitrogen source by M . smegmatis and M . phlei, but visible growth of these two was seen only after incubation for 2-3 weeks.
Among forty, classified or unclassified, rapidly growing mycobacteria, twenty isolates showed one or more positive reactions in the four distinguishing tests.
Among these isolates, all of the strains of Mycobacterium smegmatis and M . p h k i tested showed only use of nitrite as sole nitrogen source, showing visible growth after incubation for 2 or 3 weeks; the other activities were negative with these two organisms. Thus, these two species were separated from other strains. Among these latter strains, which are listed in Table 2 , excepting the strain no. 315 which showed only the positive 3-day arylsulphatase test, all strains including M . fortuitum 312 M. TSUKAMURA showed at least two positive reactions ( Table 2) . The amidase test (Boenicke, 1962) , the utilization of organic acids as sole carbon sources, acid formation from carbohydrates, nitrate reduction, and NaCl tolerance were tested on these rapidly growing mycobacteria; the results are listed in Table 2 . The results showed that the pattern of activity of unclassified, rapidly growing isolates from soil or human patients, excluding the strain no. 315, is similar to that found in the three reference strains of M . fortuitum.
DISCUSSION
Among the strains listed in Table 2 , only the strain no. 315 differed markedly from others. This strain showed only a positive %day arylsulphatase test among the four distinguishing reactions. It showed no amidase activity, utilized only acetate among organic acids, and formed no acid from carbohydrates. It resembled Mycobacterizlm aquae (Boenicke, 1962) except that it was uncoloured. From this case, we learn that the positive %day arylsulphatase test is not always specific for M. fortuitum, even though it is sure this test is useful to screen M. fortuitum. On the contrary, the absence of this activity does not exclude the test strain from M . fortuitum. For example, strains no. 330 and Mimura showed no &day arylsulphatase activity, but were considered to be M . fortuitum from their over-all similarity in other characteristics ( Table 2) .
All strains listed in (B) All strains were negative with benzoate.
(C) All strains were negative with galactose, arabinose, xylose, rhamnose, lactose, raffinose, sorbitol.
* Deviation from the description of Bergey's Manual (1957) and Gordon & Smith (1955) for Mycobacterium fortuitum.
-f Deviation from the description of M . fortuitum by Boenicke (1962).
2 Deviation from the description of M . fortuitum by Gordon & Smith (1955) who tested on the utilization of citrate, succinate, malate, benzoate.
8 No. 315 showed pattern of M . aquae, except that it was uncoloured; no acid from carbohydrates.
Symbols for nitrite utilization: + , positive growth within one week; & , positive growthwithin 2 weeks; -, negativegrowth after 3 weeks.
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M. TSUKAMURA bacterium fortuitum, showed a few deviations from the typical characteristics of M . fortuitum (Gordon & Smith, 1955; Bergey's Manual, 1957; Gordon & Mihm, 1959) , but the unclassified strains shown in Table 2 , excluding strain no.
315, were thought to be M . fortuitum from their similarity to the reference strains. It was noted that these strains showed two or more positive distinguishing reactions ( Table 2) . On the other hand, no other strains showed such reactions (Table 1 ). In view of these results, it was thought that the four distinguishing reactions are useful to distinguish M . fortuitum from other mycobacteria. Wayne (1961) and Kubica & Rigdon (1961) Tsukamura (1961 a, b) observed that certain mycobacteria isolated from the soil blackened PAS-containing media (at that time, the author did not know of the Italian work) and showed that the coloured formazan was due to the change of PAS catechol.
There remains some question as to whether Mycobacterium fortuitum is the only species degrading PAS, because the Italian authors stated that M . piscium and other mycobacteria from cold-blooded animals darkened the PAS medium. In the present study, it was observed that one strain of M . piscium and one strain (B 913) of M . balnei made a PAS medium brown after more than 2 weeks. Three strains from tropical fishes also made the medium dark after incubation for 2-3 weeks, However, it seemed easy to distinguish the reaction of M . fortuitum from the false reaction of other mycobacteria, since the M . fortuitum reaction was much stronger and appeared sooner, i.e. after 1 week incubation.
In contrast to the PAS degradation, salicylate degradation appeared to be clearly restricted to M . fortuitum. Growth of the mycobacteria, which showed a false reaction in the PAS degradation, was inhibited on the Sauton agar containing sodium salicylate 0.5 or 1 mg./ml., and no change in colour was observed. I n addition, salicylate degradation differed from the PAS degradation. This was shown by the fact that the strain Yamamoto decomposed PAS but did not decompose salicylate ( Table 2 ). The degradation product of salicylate by M . fortuitum has now been shown to be catechol (Tsukamura 1965) .
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